The structural evolution of epitaxial mono-oriented (i.e. with the c-axis perpendicular to the interface) ferroelectric Pb(Zr 0.2 ,Ti 0.8 )O 3 thin film has been investigated, using high-resolution, temperature dependent, X-ray diffraction. The full set of lattice parameters was obtained, it allowed to estimate the variation of the polarization as a function of temperature, underlying the difference between the polarization-induced tetragonality and the elastic one. The temperature evolution of the misfit strain has been calculated and found to be in good agreement with the theoretical temperature-misfit strain phase diagram.
Ferroelectric materials such as Pb(Zr 1−x Ti x )O 3 (PZT 1-x/x) solid solutions are widely investigated [1, 2, 3, 4] due to their various applications such as sensors or actuators in microelectromechanical systems (MEMS) or non volatile random access memories in storage devices.
Stress is a very significant factor [5, 6, 7] affecting their physical properties because of the strainpolarization coupling. Moreover, stress imposed on epitaxial PZT thin films contributes also to the drastic modification of its properties compared to its bulk form: the phase transition temperature, the phase sequence, the order of the transition may be altered. Intrinsic parameters such as the difference in lattice parameters between the bulk and the substrate, the difference in thermal properties, the spontaneous strain associated with the phase transition(s) as well as extrinsic parameters such as interface/surface and defects (oxygen vacancies and dislocations) contribute to the final strain state of the film.
However, there is only few experimental data sets showing these phase transition modifications, because of the need for high-quality mono-oriented (i.e. with the c axis of the film perpendicular to the interface) thin films and temperature-dependent structural characterization. Transition temperatures of ferroelectric thin films only have been compared to the one predicted by the theoretical temperature-misfit strain phase diagram [8, 9, 10, 11, 12, 13, 14, 15, 16] .
In this paper, we have performed X-ray diffraction measurements to follow the temperature evolution of both in-and out-of-plane lattice parameters from room temperature up to 800K of mono-oriented epitaxial PZT 20/80 thin film. The temperature evolution of the strain is then obtained and compared to the calculated temperature-misfit strain phase diagram [17] . In addition, the temperature evolution of the polarization has been calculated and gives a transition temperature in good agreement with the phase diagram [17] . Lattice parameters determination was carried out on a high-precision diffractometer using Cu-K β wavelength issued from a 18 kW rotating anode generator. The out-of-plane parameter (c f ) was determined from (00l) l=2,3,4 Bragg reflections to improve accuracy and to correct any misalignment of the sample. In-plane lattice parameters (a f ) were determined from (204) and (024) reflections to improve accuracy assuming the in-plane lattice axis is perpendicular to the out-of-plane one. The in-plane lattice parameters have been found to be equal and perpendicular, implying a tetragonal structure from room temperature up to 800 K. The composition of the PZT film has been determined through volume calculation [1] and found to be PZT 22/78. Fig.(1) shows the temperature evolution of the lattice parameters of the PZT 20/80 film, the ones from both the target used for the deposition and the SrTiO 3 substrate. The film was found to be mono-oriented (100% c-domains),
for every temperature monitored and no phase transition was evidenced, which suggests that the film adopts a tetragonal symmetry during deposition. This structure is in agreement with the one predicted by Alpay's domain stability map [18] (so-called "monodomain c") The temperaturemisfit strain phase diagram calculated by Pertsev et al. [17] is therefore appropriate to describe our film as the latter is monodomain, [00l]-oriented and deposited on a [00l]-oriented cubic substrate.
It is worth noting that the temperature dependence of the in-plane parameter of the film is parallel to the one of the substrate. Combined with a f >a s , it indicates that the film is strongly clamped on an effective substrate [19] which reflects the dislocation-modified parameter of the substrate (a s *). These misfit dislocations lie at the interface between the PZT film and the substrate, releasing partially the elastic energy induced by the mismatch at the deposition temperature (T d ).
The corresponding deposition strain ǫ d (T d ) describes the strain state of the film at this temperature:
, with a 
Moreover, one of the hypothesis used in the calculation of the misfit-strain phase diagram is that all the dislocations are created during deposition. Our experimental data support this hypothesis.
Indeed, as mentioned above, the in-plane lattice parameter of the PZT film is driven in temperature by an effective substrate. It is therefore possible to calculate the linear dislocation density, ρ, for dislocations lying at the interface, using Eq.(2) [21] in the compressive case, |b| being the modulus of the Burger's vector :
As the temperature evolution of a f (T)(=a * s (T)) and a s (T) are parallel, ρ(T) is constant and equal to 0.4(±0.1)·10 6 cm −1 . This is in good agreement with the density calculated at T d from Eq. (13) in [21] ρ=0.5(±0.1)·10 6 cm −1 , confirming the hypothesis that dislocations are created only during deposition.
In order to compare our experimental data with the temperature-misfit strain phase diagram, we have to calculate the misfit strain (S m ) at every temperature. The misfit strain is the sum of the deposition strain arising at T d , which was found to be equal to -7.2·10 −3 , and of the thermal strain.
Between T d and room temperature (RT) a thermal strain (ǫ th ) arises because of the difference in thermal properties between bulk PZT 20/80 and the substrate :
with α s and α b the thermal expansion coefficient of the substrate and bulk PZT 20/80 respectively.
This strain is compressive (-48 MPa) and much smaller than the deposition stress.
We can, now, calculate the misfit strain at each temperature and plot these points on the temperature-misfit strain phase diagram proposed by [17] . This evolution is reported on Fig.(2) . Furthermore, it is possible to suggest a maximum temperature of the tetragonal phase (which is not necessarily ferroelectric in a thin film) from the temperature evolution of the c/a ratio (see Fig.(3) ). This temperature, at which c/a=1, is around 1400 K, higher than T d . The equivalent polarization can be determined from the relation c/a-1=Q.P [24, 25] . This discrepancy comes from the fact that we have considered that the measured tetragonality was entirely due to the ferroelectricity, whereas our film is already strained at T d .
Hence, the measured c/a has to be decomposed in two parts, a purely elastic one where the strain and polarization are decoupled and a ferroelectric one where strain and polarization are coupled.
Therefore c/a can be written as c/a(P)=c/a(P=0)+αP 2 where c/a(P=0) and α corresponds, respectively, to the pure elastic strain contribution and an electrostrictive coefficient linking the strain to the polarization.
The elastic tetragonality can be approximated considering that the tetragonality is purely elastic at T d (i.e. we neglect the ferroelectric strain). This elastic tetragonality has to be subtracted to the measured (total) tetragonality in the calculation of the polarization (see Fig.(3) ). At room temperature, the polarization determined in this way is 70 µC/cm 2 , which is in much better agreement with previously reported values and its becomes nil at ∼980 K, close to the T f ilm C determined separately from the temperature-misfit strain phase diagram.
In conclusion we have deposited a mono-oriented 100-nm PZT 20/80 film on SrTiO 3 by PLD.
The determination of the temperature evolution of the lattice parameters of the film allowed to estimate the different strain components as well as to point out that the measured tetragonality was composed of a purely elastic part and a ferroelectric one. This leads in our film to a P s =70 µC/cm 2 at room temperature and showed the strain-polarization decoupling. Our experimental data and the theoretical misfit strain-temperature phase diagram are in very good agreement and suggest that the T f ilm C is shifted ∼150 K higher than in the bulk. 
